Shrub live oak (Quercus turbinella Greene) is the most characteristic shrub of the chaparral in central Arizona, where it is commonly the dominant shrub on all sites and exposures (Shreve, 1942) . Emory oak (Q. emoryi Torr.) is a common associate, but is usually found on the deeper soils and more mesic sites, where it may occur as groves of small to medium size trees. On poorer sites it occurs as scattered individuals, scarcely tree-like.
Both species sprout readily after fire, and are highly resistant to damage by browsing, pests, and disease. They appear to live to considerable age, resprouting after infrequent fires sweep over them (Cable, 1957 Soils are coarse textured, low in organic matter, and almost structureless. The shallow A and B horizons quickly grade into heavily weathered diabase, which extends to at least 10 feet.
Precipitation since 1914 at the Sierra Ancha climatic station, 34 mile east and 400 feet lower, has averaged 24.7 inches, of which 8.6 inches (35%) fell in July, August, and September. August was the wettest months, with median precipitation of 3.33 inches. June was the driest month, with median precipitation of only 0.19 inch.
Mean annual temperature since 1935 has averaged 59.8?F. July, the hottest month, has a mean of 78.2?. January, the coldest month, has a mean of 42.3?. Highest daily maxima usually occur toward the end of the spring-early summer drought period in June and July. This is a critical period for shallow-rooted plants, and particularly so for seedlings.
In mid-August 1963, recently emerged shrub live oak and Emory oak seedlings were observed on chaparral study plots burned the previous two autumns. Several were excavated to determine the depth to which the acorns had been planted presumably by scrub jays, Aphelocoma coerulescens, which had been observed feeding on and caching acorns in the area. Ninety-four shrub live oak and 47 Emory oak seedlings were tagged. Survival was observed twice a year for 3 years: once in May or June, and once in October or November. Where possible, cause of mortality, such as rodents or insects, was determined. Extreme dryness of the soil to the rooting depth of the very young seedlings, and the absence of visible disease symptoms, suggested drought as the cause of death of those seedlings without visible mechanical damage.
At the end of 3 years, seedling height was measured, and a number of seedlings were excavated to determine depth and extent of rooting.
Excavation of a limited number of seedlings shortly after germination indicated that they had been "planted" at a uniform depth of 1.5 to 2.0 inches, almost all as single acorns. Burned strip widths on which the seedlings grew varied from 70 to about 200 feet; hence, the nearest mature shrubs with acorns would have varied from a few feet to as much as 100 feet from the more-or-less randomly-located seedlings. Distribution of the seedlings over the entire disturbed area, rather than concentrated near mature acorn-producing shrubs, plus the uniform depth at which the acorns were found, suggest that most acorns were planted by scrub jays. This habit has also been observed with California (scrub) jays in oak communities in California (Grinnell, 1936) . When multiple seedlings did occur, they tended to be in groups of from 10 to 20 or more, suggesting rodent caches; clusters such as these were not included in the study. October-March rainfall drops below 15 inches. Of 34 years of record in the study area, 16 years have had more than 15 inches winter precipitation, and 18 years have had less.
RESULTS. Mortality was highest in the first
Acorns commonly germinate during the sunumer rainy season shortly after they mature. No ripening period is needed for the two species studied; in fact, it is difficult to keep stored acorns from germinating. Because of their shrot period of viability, as well as insects, rodents, birds, deer, and other wildlife, there is probably a negligible carryover of seeds from one year to the next. In the study area, germination and emergence has been observed only from late July to midSeptember. July-September rainfall, therefore, appears to be another key item in successful germination and early survival. Summer annuals successfully establish in abundance when summer rainfall ex-ceeds 10 inches. For purposes of this discussion, 10 inches is also assumed to be adequate, with well-spaced storms, for germination of acorns.
The necessary No seedlings were observed from acorns lying on or very close to the soil surface; intermittent drying of the soil surface probably restricted germination and establishment. Caching of acorns by jays and rodents at depths of 11/2 inches or more provided an ideal opportunity for germination, given adequate rainfall. However, jays and rodents rarely carry heavy seeds great distances, so establishment of new plants would usually be expected fairly close to mature shrubs. Reynolds (1954) , for instance, found Merriam kangaroo rats move mesquite (Prosopis juliflora (Swartz) DC.) seeds less than 200 feet from the parent tree. The heavy oak acorns, with their short period of viability, do not lend themselves to effective long-range dispersal; hence, migration of oak communities might be expected to be a very slow process. SUMMARY. Seedlings of shrub live oak and Emory oak were tagged on strips of Quercus-Cercocarpus chaparral burned 1 and 2 years previously. Acorns had germinated in August, 1963 and survival was observed for 3 years. Ninety-four shrub live oak and 47 Emory oak seedlings were tagged. After 3 years, survival of shrub live oak seedlings was 26 percent, and of Emory oak, 27 percent. Total height of 3-year-old shrub live oak adn Emory oak seedlings was 2.9 and 3.3 inches, and rooting depth was 21 and 20 inches, respectively. Acorns had probably been "planted" by scrub jays. It is hypothesized that rainfall patterns and amounts are suitable for oak seedling germination and establishment only about 1 year in 10 in this area. The critical moisture values are suggested as 15 inches of October-March precipitation followed by 10 inches of July-September rainfall.
